Abstract. The present series includes 75 thyroid lesions (38 goiters, 30 adenomas, 3 follicullo-papillary encapsulated carcinomas and 4 normal thyroid) that were studied by static and flow cytometry. Four cases were also analyzed by in situ hybridization (centromeric probes for chromosomes 1 and 17) and 10 cases by G-banding cytogenetics.
Introduction
The tendency of the endocrine normal tissue and tumours to have polyploid cells that produce a typical histological pattern with evident karyometric differences is well known [5, 11, 30, 35] .
Those tetraploid stem-line karyotypes originating from polyploidization may produce a diploid or near-diploid stemline by chromosome segregation [10] ; this fact was reproduced by computer modelling by Shackney et al. [28] , in which duplication of chromosome set in the first phase is followed by subsequent losses.
This phenomenon is easy to study in thyroid, the reasons being: it is accessible, easy to grow in vitro and is subject to frequent hyperplasias, benign, and less frequently malignant tumours. Nervertheless, if the previous model is admissible, chromosomic segregation can be random, thus leading to scientific papers with a variety of results that are difficult to reproduce as well as evaluate. Furthermore, the sensitivity of thyroid to Iodine and its effect on the cell cycle, complicate the response of the thyroid tissue, since inorganic Iodide arrests the cells in G0G1 phase, while organified Iodide arrests the cells in G2M [31] ; this, of course, may affect the spontaneous polyploidization and chromosomal segregation of the thyroid tissue. Finally, previous and recent studies demonstrate that most of the thyroid lesions are polyclonal, although in some cases a monoclonal origin can be detected [16, 23] .
Since 1970, we have been studying different cytogenetic and clonal aspects of benign thyroid lesions. According to our previous studies, that include the reorganization of the karyotypes in rats published by Al-Saadi et al. [1] , Axelrad et al. [2] and our own results in humans (tissue culture arrested with colchicine during 24 h), the benign thyroid lesions accumulate polysomies during their evolution from hyperplasia to goiter and adenomas. In our results it mainly affected E and A or B groups. The number of cells with E trisomies increases depending on the histological subtypes (13% in thyroiditis, 17% in diffuse goiters, 19% in nodular goiters and 26% in adenomas). A or B trisomies were detected in nodular lesions (11% of cells in nodular goitres, 23% in adenomas) [12] [13] [14] . The results of other authors agreed to classify the benign thyroid lesions in two groups: one characterized by a translocation at band 19q13 and the other characterized by hyperdiploid karyotypes with a basic trisomy in chromosome number 7 plus others affecting E, A or B groups [3, 4] .
Massive cell studies (flow cytometry and in situ hybridization) may or may not shed some light on the clonal evolution of thyroid lesions. Analysis of the literature in this field demonstrates heterogeneous results that detect a high degree of aneuploidies in benign and hyperplastic lesions [14, 22, 24, 26, 27] with values of a range of 10% aneuploidies in goiters, 25% in adenomas, 60% in carcinomas, given to ploidy analysis an irrelevant prognostic value for thyroid carcinomas [6, 22, 25] . According to our knowledge, no papers on in situ hybridization have been published.
The present paper tries to evaluate the added value of interactive and flow DNA analysis, together with karyotyping and in situ hybridization in 75 thyroid lesions, most of them benign except three cases of encapsulated folliculo-papillary carcinomas.
Material and methods
We studied 75 thyroid lesions (prospective and retrospective analysis): 37 Goiters (5 Diffuse Hyperplastic (DHG), 30 Nodular Colloid (NCG), 2 Nodular Adenomatous (NAG)) as well as 27 adenomas (18 Simple Adenomas (SA), 3 Hürthler Adenomas (AH)), also 4 Normal Thyroids (TN) and 3 Folliculo-Papilar Carcinomas (CFP), the rest were mixed lesions such as: a NCG with a sclerosing follicular carcinoma, a SA in a thyroiditis, a SA plus a Hüthler adenoma and a AA coincidental with a follicular carcinoma.
The histological classification criterion is of relevance to evaluate the results. DHG were diffuse goiters with (Graves' disease) or without lymphoid infiltrates; NAG were nodular goiters with solid and cellular nodular lesions similar to fetal or embryonal adenomas but without the capsule. Adenomas include only solitary encapsulated lesions: AA were those adenomas having atypical cells and mitosis. AAI have, together with the previously stated situation, an invasion of the capsule, and CFP where cases of invasive follicular lesions with clear nuclei [18] and papillae in some areas. Finally, all lesions were classified as functioning or hyperplastic (F) or non-functioning (NF); the former due to clinical manifestations as well as pathological findings such as tall thyreocytes with or without papillae formation and reabsorption vacuoles in their colloid. From the whole of the series, 43 were classified as NF and 26 as F. In the NCG series, 11 were F and 17 NF (those cases not classified were due to difficulties in the histological sections or impossibility to review the slides).
All cases were studied by static cytometry of the cells obtained from paraffin blocks by the Hedley method [19] ; they were stained with progressive hematoxylin [17] and Feulgen; ploidy evaluated with internal controls, was obtained from the analysis of 100 to 300 cells. Flow cytometry was obtained from fresh tissue in 59 cases (see technique in [14] ) and processed by a Coulter EPICS and/or by a Beckton-Dickinson FACScan.
In 10 cases (2 DHG, 4 NCG, 3 SA and 1 SA+thyroiditis) fresh tissue was trypsinized and cultured in a RPMI-1640 media supplement with L-glutamine, 10% fetal calf serum and antibiotics. Karyotypes were prepared after 3 h of colchicine arrest (0.02 µg/ml) from a culture stimulated overnight with 30% fetal calf serum. Cells were processed by the standard trypsin-Giemsa technique for G-banding and a number of 20 to 45 mitoses were studied in each case.
Four cases (1 SA, 2 AAI, 1 NCG) were submitted to in situ hybridization with three biotinylated alfa satellite centromeric probes from ATCC (1, 17 and Y as a negative control); Walt's technique [34] was applied and visualized with hematoxylin in a 5 micron thickness histological section stained with peroxidase reaction and Diaminobenzidine (DAB). Evaluation of the results was done counting 200 nuclei per case; the criterion of Taguchi et al. [32] was used for one signal counting, due to non-resolved signals of the chromatids or cutting effect; the criterion of Jenderny et al. [20] was used for clonality when abnormalities were present in more then 3.6% of the nuclei. The impossibility to find normal tissue to compare, led us to evaluate the threshold by statistical means; threshold was the level by which the subtraction of the confidence interval (see statistics below) to the signal counting, gives 3.6% clonality values.
Statistical analysis includes t-test for continuous values, χ 2 for the distribution of cases (except 0 and 100% distributions) and a Pearson linear correlation coefficient (r). Significances were considered with p < 0.05 in one tail test. Thresholding for abnormal signal counting was obtained from the confidence interval (standard deviation) of the binomial distribution (signal, non-signal) SD = Z (pq/n), Z being equal to 2.326 for an alfa of 0.01, n = number of counted nuclei, p = probability of the signal and q = 1 − p. The interval chosen was for one tail test at 0.01 significance, because we wanted to reach the lower level of confidence on the abnormal signal countings. This will be referred to in the results as percentage minus the confidence interval for abnormal signals (3 and 4) and plus the confidence interval for normal diploid cells.
Results
The analysis of a double clonality in flow and static cytometry, as well as the presence of polyploid (4c) and aneuploid clones can be studied in Table 1 .
Notice that the total number of cases in each column vary, because cases with flow and static cytometry are not coincidental and some static cytometry cases do not show internal controls. Figures 1  and 2 are examples of two clones in flow and static cytometry.
There was no difference between the frequency of two clones in goiters and adenomas (χ 2 = 0.84). Among the goiter group there is a significant difference between the 80% cases with two clones in diffuse (DHG) versus 27% in nodular goiters (NCG), χ 2 of 9.14 and p < 0.0025. Presence of two clones were also high in functioning versus non-functioning NCG with a χ 2 of 4.26 and a p < 0.05. This significance is mantained considering functionality versus non-functionality of the whole series (χ 2 of 3.91 and p < 0.05). The effect of functionality is maximum if we compare DHG versus non-functioning NCG with a χ 2 of 12.09 and p < 0.0001. Fig. 1 . For abbreviations, see text (DHG = diffuse hyperplastic goiter; NCG = nodular colloid goiter; NAG = nodular adenomatous goiter; SA = simple adenoma; AA = atypical adenoma; AH = Hürthler adenoma; AAI = atypical adenoma with capsular invasion; FPC = folliculo-papillary carcinoma). No significances were found in the subtypes of histological adenomas (AS versus AAI, χ 2 of 1.27). On the remainder, the reduced number of cases and the extreme distribution does not allow χ 2 analysis; nevertheless, those considered atypical adenomas (AA+AH) present a high rate of biclonality (100%; 5/5), that decrease to 50% when the lesion becomes invasive (AAI).
The difference in distribution between polyploid and aneuploid cases was non-significant. Cytogenetically two out of the 10 cases were abnormal. The case of SA with thyroiditis had a clone with a hyperdiploid karyotype 49, XX, +7, +17, +22 (6 abnormal/26 normal diploid cells); see Fig. 3 . A case of a DGH, previously reported [7] , showed a pseudodiploid clone with a reciprocal balance translocation, between chromosome 5 and 19, 46, XX, t(5,19) (q13,q13) (39 abnormal/6 normal diploid cells). Both cases had a normal flow cytometry. The static cytometry of the hyperdiploid case was normal and the t(5,19) case showed a second polyploid clone; see Fig. 2 . Using histology the Diffuse Hyperplastic Goitre (DHG) without focal lymphocytic infiltrates showed a hyperplastic thyroid tissue with papillae formation and prominent reabsortion vacuoles, having normal T3-T4 values. The thyroiditis case showed an extensive inflammation with oxyphylic transformation of thyreocytes and an encapsulated microfolicullar adenoma.
The in situ hybridization results, Figs 4 and 5, can be compared with the cytometric analysis in Table 2 . In general, in situ hybridization detects more anomalies with chromosome 17, except case 39 in which we could not reach a substantial cell count. Applying the interval of confidence, trisomies of chromosome no. 1 were found in both atypical adenomas with capsular invasion, cases 39 and 43 (11 − 7.3% and 16 − 9%, respectively); and chromosome no. 17 trisomies in cases 49, 43 and 9 associated with tetrasomies in the two latter cases. Although the high number of tetrasomies in case 43 (30 − 10.75%) were concordant with the high G2M on flow cytometry (8.5%), the linear correlation between G2M flow phase and 4 signals or S-phases with 3 signals cells were non-significant (ch1-G2M, r = 0.83; ch1-S, r = 0.5 / ch17-G2M, r = 0.85; ch17-S, r = 0.78) due to the fewer number of cases.
Comparison with normal thyroid tissue was not possible because trisomies were also detected in normal thyroid near adenomas (data not shown). It is also relevant to notice that the size of cells do not necessarily indicate polyploidization; on the contrary, many big, in general clear cells showed two signals while small dense cells present 4 signals (see Fig. 5(b) ).
Discussion
The present DNA and chromosome study of the 75 thyroid lesions, most of them benign, demonstrates a genetic instability and polymorphism in the thyroid tissue linked to histological subtypes and functionality (p < 0.05).
Depending on the histological subtype, goitres showed a higher number of double clones on DHG (p < 0.0025 and p < 0.0001 versus all NCG and non-functioning NCG) which may indicate that the autoimmunity factor could also play a role. Based on this polymorphism, sampling as well as DNA karyotyping techniques could only be taken as complementary; this statement is clearly demonstrated in the DHG no. 55 with a balance translocation t (5, 19) , normal flow and biclonality on static cytometry (Fig. 2) .
Functionality: globally speaking hyperfunctioning lesions have a double frequency of two clones (p < 0.05). Whether or not this is related with organic-inorganic Iodide equilibrium [31] is difficult to assess.
In the case of adenomas, the histological subtype could also be relevant. According to our results those considered as atypical (AA+AH) showed higher incidence of two clones that partially disappear in invasive cases, maybe as a clonal selection indicator. Unfortunately, the reduced number of cases and the extreme distribution of the present series does not allow statistical evaluation.
The number of polyploid and aneuploid clones is similar in the whole series, and despite the lack of statistical significance, aneuploidy is three times higher in functioning lesions.
The genetic instability of the thyroid tissue is also demonstrated in the two cases in which the clonal chromosomal abnormalities were not coincidental with flow or static cytometry. In one case, the thyroiditis component may play a role in their chromosomal abnormalities [15] . Both chromosomal anomalies belong to the groups outlined by Belge et al. [3, 4] : the DGH with a translocation at band 19q13 in 87% of the cells and the SA plus thyroiditis with polysomies (19% cells) including trisomies of chromosome no. 7 that is known to contain the erb-B1 oncogene [33] . These findings were in agreement with our previous results of 25% of cells with polysomies in adenoma cases [13] .
Presence of trisomies have been reported in normal tissue, particularly trisomy of chromosome no. 7 [8, 9] ; therefore, the association of a specific polisomy in the pathogenesis of benign and malignant changes should be taken cautiously since it might only demonstrate a normal genetic heterogeneity.
Due to the high number of polysomies in the in situ hybridization techniques of the present series (100% cases with 14% of cells affected), if compared with karyotyping (10% cases -1 case), we might conclude that, based on the genetic instability demonstrated by thyroid tissue, none of the results published can be discounted; they only show partial aspects of thyroid tissue behaviour. Also it could prove that the techniques themselves may play a role in selecting anomalies. For example: tissue culture under prolonged colchicine arrest may accumulate abnormal cells entering in mitosis; growing media, lacking inorganic Iodide may influence Iodide organification of thyreocytes and modify the G0-G1/G2M cell population balance with chromosomal segregation and detection of higher number of polysomies depending on cell differentiation and duration of the in vitro culture.
Under these circumstances the in situ hybridization technique could help to find the real incidence of polysomies and replications. From a methodological point of view, clonality should consider the interval of confidence of a binomial distribution; in the present results this technique showed the level of clonality to be at around 10% of the affected cells. This threshold also avoids the over-interpretation of the well documented non-specific hybridization [29] . A correct histological classification with regards to functionality and nodularity is strictly necessary for a coherent interpretation of DNA and chromosomal analysis of thyroid lesions. A clear example is shown in the already reported case with t(5,19) of the present series whose published images [7] clearly showed tall cylindric hyperplastic thyreocytes with numerous reabsorption vacuoles and their macroscopic nodularity was not confirmed under histology, being reclassified in the present series as DHG.
Finally, the genetic instability demonstrated by the thyroid could probably be applied to other endocrine organs that spontaneously manifest a tendency towards polyploidization [21] . It also enforces the collateral conclusion of the inadequacy of thyroid and other hormone-dependent tissues as a control [20] for in the in situ hybridization techniques.
